ABSTRACT: We analysed the interannual variability of the major reef communities (algae, corals and fishes) on the outer slope of the Tiahura sector on Moorea Island between 1991 and 1997, and examined the impacts of natural disturbances on these communities. Patterns of temporal variation and the response to natural perturbations were clearly different among the taxa examined. A sharp decrease in the percent cover of branching corals (Pocillopora and Acropora) followed cyclonic and bleaching events that occurred in 1991. After 1993, a slight increase in coral cover values was recorded, and can be interpreted as a sign of recovery. Despite a similar proportion of bleached colonies at the beginning of bleaching events in 1991 and 1994, the bleaching in 1994 had no significant impact on coral cover. This result demonstrates the importance of understanding the ecological history of reefs (i.e. the chronology of disturbances) in interpreting the specific impacts of a particular disturbance. The decline in coral cover was accompanied by an increase in the percent cover of turf algae, but surprisingly, the percent cover of macroalgae did not show any significant temporal variation during the 7 yr period. Thus, the decrease in the percent cover of corals, which opens up new substrate, does not always result in an increase in macroalgal cover. The temporal variation of the fish community was mainly characterized by (1) the high variability in the recruitment of juveniles, with a peak in 1991; (2) the slight increase in the density of adult species; and (3) the decrease in the density of corallivorous chaetodontid fishes from 1991 to 1994. Since corals were the only taxon directly affected by natural disturbances, they were consequently the cause of the indirect effects of these disturbances (i.e. increase in turf algae and decrease in chaetodontid fishes), and can therefore be regarded as the 'key component' of the outer slope reef communities in Moorea. 
INTRODUCTION
The temporal variation of communities is governed by a variety of interacting physical, biological and anthropogenic processes that vary in frequency, intensity and spatial scale (Levin 1992 , Karlson & Hurd 1993 . Recent research in community ecology has also recognized the important contribution of disturbances (i.e. major historical events) on the spatio-temporal structure of communities (Connell 1978 , Grigg 1983 , Sousa 1984 , Hughes 1989 , Done 1992a ,b, Witman 1992 , Karlson & Hurd 1993 , Connell 1997 , Hughes & Connell 1999 . The variability of coral reef ecosystems over a time scale of years or decades has become increasingly documented (Dustan & Halas 1987, Done The major disturbances experienced by coral reefs are cyclones (Woodley et al. 1981 , Harmelin-Vivien 1994 , coral-bleaching events (Salvat 1992 , Hoegh-Guldberg & Salvat 1995 , Hoegh-Guldberg 1999 , Wilkinson et al. 1999 , outbreaks of predators, particularly the starfish Acanthaster planci in the tropical Pacific (Moran 1986 , Endean & Cameron 1990 ) and mass mortalities of keystone species, such as the sea urchin Diadema antillarum in the tropical western Atlantic (Lessios et al. 1984 , Hughes 1994 . Because disturbances and also biotic and abiotic factors can co-vary in a manner that makes it difficult to decipher their relative contributions (Quinn & Dunham 1983 , Karlson & Hurd 1993 , Adjeroud 1997 ), a difficult challenge for ecologists is to discriminate the relative contribution of these factors in the control of community structure (Hatcher et al. 1989) as well as to distinguish the natural disturbances from the man-induced ones (Brown 1987 , Dahl & Salvat 1988 , Grigg & Dollar 1990 ).
The research program ATPP (Agencement Temporel des Populations et des Peuplements) was initiated in 1990 on Moorea Island, French Polynesia, to analyze the dynamics of reef communities (Galzin et al. 1993 , Augustin 1998 . As a contribution to this program, the present study aimed to (1) examine the interannual variability of the major reef communities (algae, corals and fishes) on the outer slope of the Tiahura sector between 1991 and 1997; and (2) determine the impacts of natural disturbances on these communities. During the study period, the outer slope of Tiahura has experienced 2 coral-bleaching events (March 1991 and March 1994) and the cyclone Wasa (December 1991). The present study focused exclusively on the impacts of natural disturbances. In fact, man-induced disturbances, such as dredging, construction activities, sewage discharges and runoff, which have important impacts on fringing reef communities around Moorea, have a negligible impact on the outer slope (Salvat et al. 1979 , Augustin et al. 1997 , Augustin 1998 .
A holistic approach to the temporal variability of reef communities and the impacts of natural disturbances in French Polynesia is timely for a number of reasons. First, whereas our knowledge of the spatial patterns of macrobenthic (Adjeroud 1997) and fish (Galzin 1987a , Galzin & Legendre 1987 communities has greatly improved in the last decade, little information is avalaible on their interannual variability on the outer slope (Galzin 1987b , Augustin et al. 1997 ). This lack of knowledge makes it difficult to tackle questions related to the functioning of coral reef ecosystems. Second, previous studies on the spatial patterns have revealed several characteristics of French Polynesian reefs, such as strong gradients in species richness and abundance at a small spatial scale (Adjeroud 1997) . Therefore, a study on the interannual variability of French Polynesian reefs can provide insights into the temporal patterns of reef communities in general and the role that natural disturbances may play in causing these patterns.
MATERIALS AND METHODS
Study area. Moorea Island (17°30' S, 149°50' W) is located 25 km to the northwest of Tahiti. It comprises 134 km 2 of land, 49 km 2 of reefs and lagoon, and has a circumference of 61 km (Fig. 1) . The island is surrounded by a narrow coral belt of 2 km maximum width (Galzin & Pointier 1985) . The coral reef ecosystem can be divided into 3 major reef habitats: fringing reef; barrier reef flat (separated from the fringing reef by a narrow sandy channel); and outer slope (separated from the barrier reef flat by the reef front). Approximately 10 000 people live on Moorea. The tides are semi-diurnal with an amplitude rarely exceeding 40 cm. Tropical cyclones are rare in French Polynesia; major ones occurred in 1906 and during 3 El Niño events: 1982 , 1991 . Additionally, major coral-bleaching events in French Polynesia have been reported , 1984 , 1991 (Salvat 1992 , Hoegh-Guldberg & Salvat 1995 , Augustin et al. 1997 , Mumby et al. 2001 . In Moorea, bleaching events caused by thermal stress 1984, 1987, 1991 and 1994 , and corresponded to periods when sea surface temperatures (SSTs) rose above 29.2°C (i.e. thermal thresholds; Hoegh-Guldberg 1999; Fig. 2 ). Acanthaster planci outbreaks occurred in , 1984 in (Faure 1989 . Since then, no outbreaks have been observed, possibly because of the starfish-collecting campaigns organized by French Polynesian authorities. The study site is located in the Tiahura sector on the northwestern part of the island (Fig. 1) . At Tiahura, the fringing reef is approximately 250 m wide and 0.5 to 1.5 m deep. The channel, which is about 80 m wide and 8 m deep, directs water flowing over the barrier reef back to the ocean through the Taotoi Pass (Galzin & Pointier 1985 , Wolanski et al. 1993 . The barrier reef is 490 m wide and begins near the channel in a zone of fine coral sand where the water depth does not exceed 2.5 m. This area is adjacent to a reef flat with sparsely distributed coral patches, increasing in number towards the ocean. The outer slope down to 7 m is a furrowed and gently sloping platform about 80 m wide. Beyond that depth, the inclination of the slope increases and the platform is replaced by a spur and groove system which ends at 15 m depth in a 15 m wide sedimentary basin, parallel to the reef front. A buttresses and valleys zone extends from 15 to 30 m deep and is followed by a slightly inclined sandy slope. More detailed morphological descriptions of the outer slope were given by Jaubert et al. (1976) and Vigliola et al. (1996) . Sampling strategy. This study focused on the 3 dominant reef communities of the French Polynesian outer slope: algae (macroalgae, turf algae and encrusting coralline algae), cnidarians (including hard and soft corals and Millepora, herein classified as corals) and fishes. For corals, only the most conspicuous colonies of more than 1 cm and visible without removing rocks were recorded. For fish communities, we distinguished the juveniles (i.e. total length < size upon reaching sexual maturity) from the adults. Data were collected in 8 rectangular quadrats of 100 m 2 each (25 m × 4 m) placed at 12 m depth on the outer slope. Quadrats were laid by pairs, placed contiguously along their length. Four of these quadrats were approximately perpendicular to the reef front, while the remaining ones were at a 45°angle with the reef front. A linear transect of 25 m was established at the intersection of each of the 4 paired quadrats.
Fish sampling was carried out within the 8 quadrats. At each quadrat, qualitative (i.e. presence or absence of fish species) and quantitative (densities) observations were made during 2 passages. During the first passage, 4 stops were made along the 25 m length of the quadrat, including the start and the end of the quadrat. During these 4 stops, elusive species such as Scaridae, Labridae, Balistidae and Acanthuridae were recorded. Sedentary and cryptic species, such as Serranidae, Pomacentridae and Holocentridae, were recorded during a slow swim between the stops. For species that were particularly abundant, such as Ptero- Moorea (1984 Moorea ( , 1987 Moorea ( , 1991 Moorea ( , 1994 . Horizontal dotted line indicates the thermal threshold for Tahiti (29.2°C; Hoegh-Guldberg 1999) caesio tile, Chromis iomelas, C. vanderbilti and Dascyllus flavicaudus, densities were estimated to the nearest 10. The second passage focused exclusively on the surgeonfish species, Ctenochaetus striatus. The percent cover of algae (macroalgae, turf algae and encrusting coralline algae) and corals was recorded along the 4 transects of 25 m. We used the Point Intercept Transect Method (Loya 1978) , with points placed every 0.25 m, to estimate cover. Macroalgae and fishes were identified to the species level, while corals were identified to the generic level. Data were collected once a year from 1991 to 1997. Observations were made by the same person (fishes: R.G.; corals and algae: B.S.) during the same period (March to April) and between the same hours (08:00 and 12:00 h) around the time of the full moon. This reduced the diurnal, lunar and seasonal natural variations, which can be pronounced for fishes and macroalgae (Galzin 1987b , Payri 1987 .
Data analysis. Two types of analyses were performed. First, we examined the interannual variability of synthetic variables (species richness, density and cover). The significance of the interannual variability of these variables was evaluated using the nonparametric test of Friedman, because of the absence of normality in the data set, and because these data were not independent (paired quadrats and successive years; Sokal & Rohlf 1995) . When a significant interannual variability was detected, the Wilcoxon test was a posteriori used to compare values of 2 differents years (Sokal & Rohlf 1995) . Second, we used the canonical correspondence analysis (CCA) to test the interannual variability of the species data matrix.
CCA was developed by ter Braak (1986 Braak ( , 1987 Braak ( , 1988 and is an increasingly popular method for multivariate analysis of ecological community data (Palmer 1993 , McCune 1997 , Legendre & Legendre 1998 . A further and very interesting development of this analysis allows partial CCA, where the computations are made after removing, by multiple linear regression, the effects of undesired covariables (ter Braak 1988 , Legendre 1990 ). We used partial CCA to separate the interannual variability from the spatial variation. Partial CCA was carried out on the fish community data set only. Since we focused on the most conspicuous macrobenthic species, a small number of macroalgal and coral species were recorded, which is not compatible with the use of multivariate analyses. Three matrices were used in the computations: (1) the species data matrix (fish species composition and densities); (2) the covariable matrix (binary data which codify the different quadrats); and (3) the variable matrix (binary data which codify the different years). In the ordination diagram, equiprobability ellipses were drawn to facilitate the interpretation of the results. When 2 ellipses (representing 95% of the quadrats of 1 year) did not overlap, the species composition was then considered to be distinct. Fish species were not represented in the ordination plots because they were too numerous and would greatly reduce the legibility of the plots. Additional details on how to interpret CCA and partial CCA results are given in ter Braak (1986), Borcard et al. (1992) , Palmer (1993) and Legendre & Legendre (1998) . The complete list of fish, coral and macroalgal species is available from the authors. Partial CCA was carried out using the CANOCO software (ter Braak 1992).
RESULTS

Corals and algae
A significant interannual variability in the coral cover was observed (Friedman test, p = 0.02). Between 1991 and 1992, a sharp decrease in total coral cover was recorded (from 51.0 to 24.2%), whereas values increased slightly from 1993 to 1997 (Fig. 3) . The decrease was mainly observed for the genera Acropora, for which cover dropped from 11.5% in 1991 to 2.5% in 1992. Similarly for Montipora, from 7.2% in 1991 to 2.7% in 1992, and for Pocillopora, from 25.0% in 1991 to 10.5% in 1992. The cover of all other genera was stable and did not show any significant variation during the 7 yr period. Among the 10 coral genera observed in the transects, Pocillopora, Acropora, Porites and Montipora accounted for more than 85% of the coral cover. The contribution of these 4 genera to the coral cover was relatively similar among the years (between 85 and 93%). The number of coral colonies did not show any significant interannual variability (Friedman test, p = 0.12).
The percent cover of algae was dominated by turf and encrusting coralline algae (ECA), whereas only 1 macroalgal species, Turbinaria ornata, was recorded with a low cover (<1.2%; Fig. 4) . A decrease in ECA cover was observed between 1991 and 1994. However, the interannual variability of macroalgae and ECA cover was low and not significant (Friedman test, p = 0.15 and 0.09, respectively). In contrast, turf cover increased between 1991 and 1994, with a 2-fold increase between 1991 and 1992 (from 16.2 to 33.7%; Wilcoxon test, p = 0.03). Despite a slight decrease from 1994 to 1995, turf cover remained relatively high between 1995 and 1997. Concerning juvenile fishes, the density and species richness was highly variable between years (Fig. 5) . A high recruitment of 3 species, Ctenochaetus striatus, Chromis vanderbilti and Scarus sordidus, which accounted for 34, 31 and 5% of the total density of juveniles respectively, was observed in 1991. In contrast, the density and species richness of juveniles were low in 1996 and 1997. It should be noted that the peak of C. striatus juveniles in 1991 (75 ind. per 100 m 2 ) was not observed the following years. This characteristic (i.e. high density of juveniles recorded in a single year and very low values the other years) was also observed for Acanthurus bleekeri and Chaetodon reticulatus in 1991 and for Naso lituratus in 1994.
Two separate partial canonical correspondence analyses were performed: (1) with the adult data; and (2) with the juvenile data (Fig. 7) . These partial CCA were statistically significant (Monte-Carlo permutation tests, p = 0.001), indicating the existence of an interannual variability in the qualitative (species composition) and quantitative (densities of each species) aspects of the fish community. The adult fish assemblage that we recorded in 1991 was clearly distinct from that of the other years. In 1992, 1993, and 1996, the assemblage was also distinct, but to a lesser degree compared to 1991. In contrast, no significant difference in the fish assemblage was observed between 1994, 1995 and 
DISCUSSION
The results of this survey clearly showed that the patterns of temporal variation of the outer slope communities at Tiahura and their response to natural disturbances were different among the taxa examined. No significant changes were observed for macroalgae and encrusting coralline algae, whereas corals, turf algae and fishes showed significant interannual variation. Fig. 7 . Plots of the partial canonical correspondence analyses performed on the adult and the juvenile fish community data. Position of quadrats and years along the first 2 axes is given. Equiprobability ellipses, representing 95% of the quadrats of 1 yr, are drawn. When 2 ellipses did not overlap, the assemblages of the 2 yr were considered to be distinct. Conversely, 2 overlapping ellipses indicated that the assemblages of the 2 yr were similar to each other
Corals and algae
A severe decline in coral cover on the outer slope of Tiahura followed the bleaching event which started in March 1991 and the cyclone Wasa in December 1991. Coral communities of outer slopes in French Polynesia are dominated by the branching genera Acropora and Pocillopora, which are particularly vulnerable to breakage and fragmentation (Randall & Eldredge 1977 , Highsmith et al. 1980 , Woodley et al. 1981 , Harmelin-Vivien 1994 and which are the most affected by bleaching events (Salvat 1992 , Gleason 1993 , Hoegh-Guldberg & Salvat 1995 . Pocillopora and Acropora suffered 50 and 10% mortality respectively on outer slopes at Tiahura as a result of the bleaching event in 1991 (Salvat 1992) . The cyclone and the bleaching event in 1991 had a lower impact on the coral community of the barrier reef flat, which is dominated by large colonies of massive Porites that are particularly resistant to both bleaching (0% mortality; Salvat 1992) and cyclones (Augustin 1998) .
In contrast to 1991, the bleaching event in March 1994 did not have an important impact on coral cover of the outer slope. In fact, the magnitude of the event (i.e. the proportion of bleached colonies) and the order of susceptibility of coral genera were similar in 1991 and 1994 (Gleason 1993 , Hoegh-Guldberg & Salvat 1995 , whereas the mortality at the end of the event was greatly reduced in 1994, explaining why the coral cover did not decrease between 1994 and 1995. This observation illustrates the fact that it is important when considering the impact of bleaching events to distinguish between the proportion of affected colonies at the beginning of the event (i.e. their susceptibility, which depends to a large extent on the intensity and duration of the stress) and the mortality of coral colonies at the end of the event, which results in the decrease of coral cover (Salvat 1992 , Gleason 1993 . Our results suggest that there is no direct relationship between the proportion of bleached colonies and the mortality at the end of the event, as bleached colonies have the capacity to recover (Williams & BunkleyWilliams 1990 , Gleason 1993 . In the present case, another possible explanation of the low mortality following the bleaching event in 1994 is that most of the colonies in place in 1994 were those that survived the 1991 event or were young recruits derived from those colonies. One may assume that these coral colonies and/or their endosymbiotic zooxanthellae were phenotypically (acclimation) and possibly genotypically (adaptation) resistant to bleaching events (Rowan et al. 1997 , Hoegh-Guldberg 1999 . The fact that the degree of bleaching varies among neighboring colonies of the same species also suggests a large influence of genotypic and microhabitat variation in susceptibility (Harriott 1985 , Gleason 1993 . This acclimation and/or adaptation of coral colonies may also explain the absence of a bleaching event around Moorea in 1998 (pers. obs.), despite a rise of SSTs above the thermal threshold (Fig. 2) .
The decrease in total coral cover from 1991 to 1993 was followed by a slight increase recorded until 1997 (51.0% in 1991, 22.5% in 1993 and 37.5% in 1997) . This tendency can be interpreted as a sign of a rapid recovery (resilience) (Connell 1997) . Rates of recovery following disturbances vary greatly among corals reefs (Pearson 1981) . In St. Croix, US Virgin Islands (Bythell et al. 1993) , and in the Florida Keys (Shinn 1976 ) reefs which have been severely affected by hurricanes have recovered completely within 6 yr, whereas Dollar & Tribble (1993) estimated that the recovery of Hawaiian reefs affected by storm disturbances would take 40 to 70 yr. In a review on the nature of the response of corals to disturbances, Connell (1997) distinguished 3 categories of reefs from a set of 67 examples: (1) those where coral cover did not decline (29% of the 67 examples, with fewer declines in the Indo-Pacific than in the western Atlantic); (2) those where coral declined and recovered (29%, all in the Indo-Pacific); and (3) those where coral declined but did not recover (42%). In fact, recovery depends to a large extent on the type of disturbance causing the original decline (i.e. its intensity and duration; Connell 1997) and on the history of the reef (i.e. the chronology of disturbances; Witman 1992 , Hughes & Connell 1999 . Coral cover recovered after 69% of the acute, short-term disturbances, but after only 27% of the chronic, long-term ones (Connell 1997) . According to the classification of Connell (1997) , the coral reef community of the outer slope at Tiahura belongs to the second category.
The decrease in coral cover from 1991 to 1993 on the Tiahura outer slope was accompanied by an increase in the percent cover of turf algae. This indirect relationship is common in coral reef ecosystems (Done 1992a ,b, Shulman & Robertson 1996 . Filamentous algal turfs are typically the first colonists of reef substrate denuded after storms (Pearson 1981 , Rogers et al. 1982 , bleaching events (Glynn 1983) , Acanthaster outbreaks (Endean & Cameron 1990) and anthropogenic perturbations such as ship groundings (Smith 1988) .
On the other hand, the percent cover of macroalgae did not show any significant interannual variability, with very low values from 1991 to 1997. Despite the fact that macroalgal cover is generally less than 10% on outer reef slopes around Moorea (Adjeroud 1997) , this relative stability is surprising for a number of reasons. First, macroalgal biomass and cover generally have pronounced seasonal and interannual variations in coral reef ecosystems (Payri 1987) . Second, declines in coral cover, caused by natural or anthropogenic dis-turbances which open up new substrate for colonization, are generally followed by an increase in filamentous algae as well as macroalgae (Rogers et al. 1991 , Shulman & Robertson 1996 . Coral to algal phase transitions have been observed in several coral reefs around the world (see Done 1992a) . However, the absence of immediate effects of the cyclone Wasa on macroalgal cover on the outer slope of Tiahura cannot be clearly demonstrated because the 4 mo period separating the cyclone (December 1991) and the 1992 survey (April) could have masked some short-term effects. Finally, the relative stability of macroalgal cover in Tiahura was restricted to the outer slope, since on the fringing and barrier reef flats, where diversity and biomass of macroalgae are higher (Adjeroud 1997) , a significant interannual and long-term variability was observed, with an increase in their percent cover (Augustin et al. 1997 , Augustin 1998 . Our results on the outer slope of Tiahura suggest that the increased availability of denuded substrate is not sufficient to cause an increase in macroalgal cover. Synergetic effects with other factors, such as water eutrophication and reduction of herbivorous density, are probably necessary for the establishment of the macroalgal bloom that might follow a coral decline (Hughes 1994 ).
Fishes
The temporal variation of the fish community from 1991 to 1997 was characterized by the high variability in the recruitment of juveniles fishes with a peak in 1991 and by the slight increase in the density of adult fishes. The species composition and the relative abundance of each species were different among years. The interannual variability of the fish community on the outer slope of Tiahura complements the daily, monthly and seasonal variations in fish communities that were reported for Moorea (Galzin 1985 (Galzin , 1987b .
No direct impacts of the cyclone Wasa in 1991 were observed in the fish community on the outer slope of Tiahura. Direct effects of cyclones on reef fish communities vary widely with the intensity and the range of destruction caused to coral communities (HarmelinVivien 1994) . Previous studies have demonstrated little direct influence (Letourneur 1991) , whereas others have reported mass mortality of fishes (Pfeffer & Tribble 1985) . In fact, a large number of fish species are able to escape the negative effects of a cyclone by moving to deeper zones during the period of the event (Harmelin-Vivien 1994) . In contrast, there was probably an indirect effect of the cyclone Wasa and the 1991 bleaching events for 1 component of the fish community, the Chaetodontidae. The decline of coral cover, mainly due to the mortality of the branching genera Acropora and Pocillopora, was accompanied by a decrease in the density of corallivorous chaetodontid fishes from 1991 to 1994. Moreover, the return of chaetodontid densities to initial values in 1995 is possibly related to the slight increase in coral cover which started in 1993. These results suggest that the exclusive coral feeders were the most affected by the decrease in branching coral colonies, as was previously demonstrated in Moorea by Bouchon-Navaro et al. (1985) . The relationship between chaetodontids and corals is a common feature in coral reef ecosystems and has been well documented (Reese 1977 , Bell & Galzin 1984 , Bouchon-Navaro et al. 1985 , Findley & Findley 1985 , Williams 1986 , Bouchon-Navaro & Bouchon 1989 , Roberts et al. 1992 , Cox 1994 , Cadoret et al. 1995 , 1999 , Syms 1998 . The Chaetodontidae are 1 of the few members of reef fish assemblages that show consistent responses to the loss of live coral cover. This has been documented in experimental studies at small spatial scales (Lewis 1997 , Syms 1998 ) and at whole reef scales following disturbances caused by crown of thorns starfish (Williams 1986) .
Our data clearly demonstrated that: (1) the density of adult fishes increased slightly from 1991 to 1997; (2) 1991 was a very good year for fish recruitment as there were a lot of juveniles inside the area; and (3) there was a slight decrease in the density of chaetodontids from 1991 to 1994 and then an increase until 1997. As observed by Sale & Steel (1989) on the Great Barrier Reef, we may explain these results by the conjunction of the following events. Despite the decrease in coral cover from 1991 to 1993, the density of adult fishes on the whole increased from 1991 to 1993 due to the generally high fish recruitment in 1991. Adult fish density continued to increase after 1993 in parallel with the recovery of the coral cover. The decrease in coral cover after the bleaching in 1991 lasted until 1993, but the decline in chaetodontid density continued until 1994. It is possible that these fishes recruit into specific types of live coral that did not regrow until some years after the bleaching event. This might account for the delay in recovery.
CONCLUSION
The present study highlights the central role of corals in the structure and function of coral reefs. They were the only taxa directly affected by natural disturbances and consequently were the cause of the indirect effects of these disturbances. It is generally believed that mortality rates following bleaching events are related to the intensity and duration of sea temperature anomalies (see Hoegh-Guldberg 1999) . Our re-sults do not fit this general rule. The absence of significant impacts of the 1994 bleaching event clearly demonstrates the importance of understanding the ecological history of the reefs (i.e. the chronology of disturbances) in order to interpret the specific impacts of a particular disturbance (Connell 1978 , Grigg & Dollar 1990 , Done 1992a ,b, Witman 1992 , Hughes 1994 , Hughes & Connell 1999 . Several studies have documented an increase in turf and macroalgal covers following man-induced or natural disturbances (Pearson 1981 , Rogers et al. 1982 , 1991 , Glynn 1983 , Smith 1988 , Endean & Cameron 1990 , Done 1992a ,b, Shulman & Robertson 1996 . Our results show for the first time that the decrease in the percent cover of corals, which opens up new substrate, does not always result in an increase in macroalgal cover.
